I. The effect of energy and protein intake on the growth, food efficiency and nitrogen retention of artificially-reared pigs was studied over three 8 d periods between 8-32 d of age in an experiment employing a 5 x 3 x 2 factorial design. The factors were initial energy:N value (I; 250, 355,460, 565 or 670 kJ/g N ) . rate of increase of I at 8 d intervals (0, 12.5 or 25 %) and plane of nutrition (three times daily to appetite or 75 % of this intake).
main protein source was casein and took growth rate as the criterion of performance. They found that the crude protein (N x 6.25; CP) requirement of piglets from 2 to 28 d of age was 250 g CP/kg on a low-fat diet and 310 g CP/kg on a diet containing 210 g fat/kg. With diets based on dried skim milk or casein it is probable that the major factor influencing the dietary protein requirement is the fat, and hence the energy, content of the diets used. Consequently it would seem preferable to express dietary requirements for protein in relation to energy. From the chemical composition of the diets used by Manners & McCrea (1962 , 1963 ) the optimal energy:N value for growth can be estimated as 460 kJ/g N.
Analysis of the results of three experiments with pigs (Kirchgessner & Kellner, 1972; Kellner & Kirchgessner, 1973; ) led Muller & Kirchgessner (1974) to conclude that a diet containing 260 g CP/kg was optimal for growth over the 4-12 kg liveweight range but that N retention was maximum at higher CP levels than this. The energy content of the diets was approximately 19.7 MJ/kg so this CP content corresponds to an energy: N value of 470 kJ/g N. Recently, Newport (1979) reported the results of an experiment using piglets between 2 and 28 d of age and diets containing from 150 to 270 g CP/kg and 290 g fat/kg. Examination of his results indicates that there was a curvilinear improvement in growth rate and feed conversion ratio (kg food intake/kg weight gain; FCR) up to 270 g CP/kg which corresponds to an energy:N value of 580 kJ/g N. In contrast to the results of N retention appeared to be maximal at 240 g CP/kg. Newport (1979) has suggested that a larger-scale experiment over a wider range of dietary CP level might permit a better estimate of the response in performance to level of CP in the diet. Furthermore, Braude et al. (1970) have pointed out that there is rapid decrease in protein retention, expressed as a percentage of live weight, between 2 and 28 d. It would seem probable that the optimal energy:protein value would change so rapidly during the first 4 or 5 weeks as to justify a progressive change in the protein level of the diet for early-weaned pigs.
In order to test this hypothesis and obtain fundamental information on the interaction of N and energy intake on the growth and development of young pigs, studies were made on 150 pigs over the period 8-32 d using a wide range of protein levels and two scales of energy intake. This paper describes the management aspects of the experiment and presents assessments of performance using the four criteria discussed previously, at three stages of growth between 8 and 32d. Preliminary reports have already been presented .
EXPERIMENTAL
Design and treatments The design was a 5 x 3 x 2 factorial replicated five times, the factors being respectively initial energy:N value (I) at 8 d (250, 355, 460, 565 or 670 kJ/g N), rate (R) of increase of I at I 6 and 24 d (0, 12.5 or 25 %) and plane of nutrition (PN) ( 100 or 75 % of appetite).
Based on previous experience appetite was defined as a gross energy intake of 3 MJ at 2 kg live weight rising linearly to 15 MJ at 12 kg live weight.
Each replicate used a block of thirty-six pigs, six of which were slaughtered at 8 d for carcass analysis. The minimum number of litters was used to provide the pigs for a block eliminating extremely heavy or light pigs so that the weight range within a block was as small as possible. Sows were batch-farrowed to provide sufficient pigs for a block within a 48 h period. At 8 d the pigs within each block were randomized to the treatments. The experimental period was divided into three phases each of 8 d and changes in the energy:N value were instituted abruptly at 16 and 24 d of age.
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Management
Piglets from a hysterectomy-derived, Large White x Landrace herd were weaned at 2 d and transferred to individual metabolism cages in a room capable of accommodating thirtysix pigs. The temperature of the room was 30f I ' at 2 d of age decreasing I O every 4 d to 23 f I " at 30 d, age being determined by the youngest pigs in the block.
Pigs were fed three times daily at 09.00,16.00 and 24.00 hours throughout the experiment. From 2 to 5 d they were given a liquid diet of reconstituted spray-dried whole milk increasing to a level of 60 g dry matter (DM)/kg live weight per d. At 5 d, diet no. 3 (Table I) was introduced and the liquid milk intake reduced so that by 7 d pigs were eating only dry food.
They were weighed at weaning, 5 d, 8 d and thereafter at 4 d intervals. Between weighings the body-weights were estimated on a daily basis and the appropriate food allowance for each pig was calculated according to the linear scale described above.
Water was provided at each feeding time and the drinking troughs were changed daily. During the pre-experimental period the water allowance was five times the DM intake. During the experimental period the water allowance was related to the energy:N value to take account of the high urea excretion on the high-protein diets. The levels offered were respectively eight, seven, six, five and four times the DM intake for the five increasing levels of I. Despite considerable spillage by some pigs water was continuously available on all treatments.
Diet composition
The experimental design required twenty-one different diets with energy: N values ranging from 250 to 1000 kJ/g N. Five basic diets were prepared and the other energy:N values obtained by feeding a combination of two diets. In order to minimize problems of food spillage the diets were pelleted using a 4-5 mm die. Water was admixed prior to pelleting to reduce the DM content to approximately 890 g/kg. This value was adjusted with individual diets in an attempt to produce pellets of uniform hardness. The composition and analysis of the five basic diets used are given in Table I . The diets were formulated to be as similar in gross energy content as possible and to contain approximately 100 g fat/kg since this level of fat was considered to be appropriate to commercial practice and had been found to produce a mixture suitable for pelleting. Due to the high level of casein required to obtain the low energy:N value it was necessary to allow the gross energy content of this diet to be approximately 10% higher than that of the other diets used. The diets were stored in sealed plastic bags and the DM contents were measured at the beginning of each replicate for the computation of the feeding scales.
Balance procedures
Collections of faeces and urine were made throughout the experiment but within each 8 d balance period the output for the first 3 d was kept separate from that for the subsequent 5 d. It was assumed that after 3 d the faecal and urinary excretion would be representative of the intake after changes in the protein content of the feed. Faeces were collected at each feeding time and stored at +4". The urine was collected into M-sulphuric acid. The nylon mesh which separated the faeces from the urine was sprayed with 0.05 M-sulphuric acid after each faeces collection and the collecting funnel was sprayed each morning. A proportion of the daily urine output was retained and the bulked portions for each pig were stored at f4".
Spilt food, unless contaminated with urine, was returned to the trough several times daily. Feed troughs were scraped out only at the beginning and end of the three 5 d collection periods. In this way food wastage was minimized. Contaminated waste food was collected and held at f4" until the end of a balance period when it was combined with trough scrapings and dried at 100". It was assumed that the composition of the waste food corresponded to that of the mixed diets offered.
Analysis of food and excreta
The DM content of the five basic diets was determined in a forced-draught oven at 100". CP was determined by the macro-Kjeldahl method, ether extract (40-60 " b.p. petroleum spirit) by the Soxhlet method and mineral content by ashing at 450" in a muffle furnace. Due to the small amounts of faeces obtained in some collections it was not possible to determine the N content of the fresh material. The bulked faeces were therefore freeze-dried to constant weight, ground and sampled for N determination by the macro-Kjeldahl method.
Urinary N was measured on 10 ml portions of fresh urine by the macro-Kjeldahl method. The gross energy content of the food was measured using an adiabatic bomb calorimeter.
Statistical analysis
The results for each 8 or 5 d period and for the total period were analysed separately by analysis of variance. A significant interaction arose in the initial live-weight as an artefact of the randomization and a number of analyses were repeated using initial weight as a covariate. Least squares curvilinear regressions were calculated with the inclusion of appropriate qualitative factors to test for parallelism and coincidence in respect of energy intake and rate of change of I, for the four criteria of performance in relation to the energy: N value.
R E S U L T S
Final live-weight ( Table 2) was significantly affected by plane of nutrition (PN) (P c O.OOI), I (P c 0.001) and R (rate of increase of I) (P c 0.01). The effect of I was significantly quadratic with a maximum point. There was a significant (P c 0.05) PN x R interaction at 8, 16 and 24 d. Covariance analysis of live weight at 16 and 24 d using initial live weight as the covariate confirmed that this interaction was entirely due to the initial randomization.
At 32 d the PN x R interaction was not significant but there was a significant (P c 0.01) interaction between R and I (linear) due to an improvement in performance with increasing 
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Quantitative responses Because of the differences in gross energy content of the diets, FCR (kg feed/kg gain) as determined could not be used as a direct basis for comparison. Accordingly all values (Table 3) were corrected to a mean energy content of 18 MJ gross energy/kg air dry diet (9 g DM/kg) which was close to the mean energy value of the five experimental diets.
PN had no significant effect on FCR but there was a significant quadratic effect due to I (P < 0'001) in all three periods and for 8-32 d and a significant effect of R (P < 0001) for The apparent digestibility of nitrogen (ADN) ( Table 4 ) was unaffected by energy intake during any of the periods studied but was significantly reduced (P < 0'001) by increasing I and by R. Between 27-32 d and over the total balance period there was a significant quadratic component (P < 0.05) due to I. There was a significant R x I (linear) interaction for the 19-24 d balance period (P < 0.01) and over the complete experimental period (P < 0.05).
NR (Table 5 ) was higher on the high PN at I 1-16 d (P < 0-OI), and at 19-24 and 27-32 d (P < 0.001) and was significantly (P < 0.001) affected by I at all ages. There was a quadratic response to I at 11-16 d (P < 001) and in the two later periods (P c 0.001). Between 11-16 d when the actual treatments did not vary between rates of increase, there was no significant difference in NR between the three groups but there was a significant response to R for 19-24 d (P < 0.01) and 27-32 d (P <o.001). There were no significant PN x I or PN x R interactions indicating that the higher energy intake only increased protein retention and did not affect the shape of the response curve. There was, however, a significant R x I (linear) interaction for 19-24 d (P < 0.01) and for 27-32 d (P < 0.001).
Maximum NR increased from approximately 6 g/d for I 1-16 d to over I I g/d for 19-24 d on the treatments giving maximum performance but no further improvement occurred for 27-32 d. The proportion of ADN retained (Table 6 ) rose rapidly with increases in I and R to a plateau at a value approximately 0.90, the effects in all three periods being highly significant (P < 0.001). There was also a significant R x I (linear) interaction (P < 0.001) for 19-24 and 27-32 d. PN had no significant effect on the proportion retained for 11-16 and 19-24 d. There was a significant (P < 005) increase of approximately 3% on the low PN for 27-32 d.
DISCUSSION
The value of the results obtained in this type of experiment is very dependent on the health of the experimental animals. Only one scour outbreak had a serious effect on the results. quadratic.
growth and FCR results. One pig in the second replicate died as a result of a twisted bowel and two pigs in the fifth replicate were discarded at 12 d due to severe scour and loss of body-weight. In all instances where scour occurred during a balance period missing values were calculated. There was no apparent relationship between treatment and the incidence of scour. The live-weight results ( Newport, 1979) with the pigs on the best treatments averaging over 9.5 kg on the high PN and 8.5 kg on the low PN at 32 d.
The feeding scale employed was similar to one which had previously been found to be close to the ad lib. intake of pigs reared under similar conditions on liquid diets and was somewhat lower than the scale adopted by Braude & Newport (1973) using high-fat diets. In the present experiment some food refusals occurred during the first period but between 1624 d most pigs cleared up all their food. During the final period, however, there were consistent food refusals on the high PN and on average intake was only 80 % of the amount offered. This indicates that during the h a 1 period the extent of restriction imposed on the animals on the low PN was much less than that intended.
A comparison with the results of Braude et al. (1970) indicates that the energy intakes achieved in the present experiment on the high PN were similar to those obtained on their scale B and therefore somewhat higher than intakes normally recorded for suckled pigs.
The ADN was high on all diets and reached 0.99 in the diets containing the higher levels of protein, a value similar to that found in diets based on whole milk (Braude et al. 1970 ).
Due to the wide range of protein levels employed and the high digestibility of the dietary N it was possible to calculate a value for metabolic faecal N (MFN) excretion (Fig. I) .
The Although it is not possible to assess the differences statistically there appears to be a marked decrease in FCR with increasing age. In the instance of the pigs given a constant energy : N value throughout the experiment the mean values were respectively 090, 0. 7% and NR by 3%. Although a complete explanation is not possible in the absence of carcass analysis at the end of each period it appears that the major part of the effect arose from the reduction in the efficiency of NR to which reference has already been made.
Since the main feature of the results was the quadratic effect of I and the I x R interaction, it was possible in the instance of the four criteria examined to calculate response curves of performance v. I. These are detailed in Figs. 2 and 3 . Apart from the 8-16 d interval when the maximum point of the curve for NR corresponds to 330 W/g N the optima derived for growth, FCR and NR during the three periods and for 8-32 d, lie between 385 and 40 kJ/g N ( Table 7) when the same diet was fed throughout the experimental period. Progressively lower values of I occur for the other levels of R. However the proportion of digested N retained was maximum at 590, 680 and 950 kJ/g N respectively for the three age intervals.
It is therefore necessary to arrive at a compromise between the factors in order to formulate practical recommendations. However in view of the flat nature of the response curves it will be appreciated that a fairly large change in I may result in a small reduction in performance in relation to any single criterion. The factor most affected by the energy:N value appears to be the NR:ADN value. Fig. 4 illustrates the differences arising in this value over the three N-balance periods. The experimental design did not permit statistical analysis of the differences but they are in general agreement with the decreased efficiency , who found that 3-week-weaned pigs given high-starter-protein levels were less efficient during the 24-90 kg period than those given low-starter-protein levels, are of considerable interest. The long-term effects of the energy and protein nutrition in the early stages of growth obviously merit further attention. In the meantime the results presented in this paper provide a basis for the assessment of energy and protein requirements of the early-weaned pig in a range of management situations and for further studies on diets containing lowerquality-protein sources.
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